Uterine leiomyomata are common, affecting 70-80% of women between 30 and 50 years of age. Leiomyomata have been reported for a variety of primate species, although prevalence rates and treatments have not been widely reported. The prevalence, diagnosis, and treatment of uterine leiomyomata in the Alamogordo Primate Facility and the Keeling Center for Comparative Medicine and Research were examined. Uterine leiomyomata were diagnosed in 28.4% of chimpanzees with an average age at diagnosis of 30.478.0 years. Advanced age (430 years) was related to an increase in leiomyomata and use of hormonal contraception was related to a decrease in leiomyomata. As the captive chimpanzee population ages, the incidence of leiomyomata among female chimpanzees will likely increase. The introduction of progesterone-based contraception for nonbreeding research and zoological chimpanzees may reduce the development of leiomyomata. Finally, all chimpanzee facilities should institute aggressive screening programs and carefully consider treatment plans. Am. J. Primatol. 73:665-670, 2011. 
INTRODUCTION
Uterine leiomyomata are benign fibroid tumors that arise from the smooth-muscle cells of the uterus [Ryan et al., 2005] . Among women, uterine leiomyomata are largely asymptomatic and may occur in as many as 70-80% of women between 30 and 50 years of age [Ryan et al., 2005; Wise et al., 2004] . When symptomatic, the most common complaint is abnormally heavy or extended menstrual bleeding (i.e. menorrhagia) [Ryan et al., 2005] . Rarely, the tumors can also cause severe pelvic pain, uterine prolapse, and may complicate fertility in women [Ryan et al., 2005] . The incidence of leiomyomata increases with age and likelihood is also associated with a younger age at menarche and younger age of first birth [Faerstein et al., 2001a; Ross et al., 1986; Ryan et al., 2005; Wise et al., 2004] . Other risk factors include obesity, nulliparity, and greater than 5 years since last birth [Faerstein et al., 2001a; Luoto et al., 2000; Ross et al., 1986; Wise et al., 2004] . Traditional management of problematic uterine leiomyomata has been either myomectomy or hysterectomy [Jourdain et al., 1996] . Medical treatments for menorrhagia associated with leiomyomata include either progesterone-based contraceptives (i.e. medroxyprogesterone acetate (Depo Provera, Pfizer Pharmaceuticals, New York, NY)) or gonadotropinreleasing hormone agonists (Lupron Depotr, Abbot Laboratories, Abbot Park, IL) [Jourdain et al., 1996] .
Progesterones are highly cost-effective and can be used long-term to treat small-or moderate-sized myomas; however, gonadotropin-releasing hormone agonists are most successful for large myomas and should be used in combination with subsequent myomectomy and/or hysterectomy due to their high cost and the significant risk of side effects [Jourdain et al., 1996] .
Uterine leiomyomata have previously been reported in captive chimpanzees (Pan troglodytes) [Brown et al., 2009; Seibold & Wolf, 1973; Silva et al., 2006; Toft & MacKenzie, 1975; Young et al., 1996] and other nonhuman primates [Cianciolo et al., 2007; Cook et al., 2004; Kaspareit et al., 2007; Long et al., 2010; Remick et al., 2009; Rodríguez et al., 2009; Seibold & Wolf, 1973; Stringer et al., 2010; Wilkinson et al., 2008] ; however, prevalence rates and treatment regimens have not been widely reported. There are no published reports of uterine leiomyomata in wild chimpanzees. Here we report on the prevalence, diagnosis, and treatment of uterine leiomyomata in two chimpanzee populations, the Alamogordo Primate Facility and the Keeling Center for Comparative Medicine and Research (MD Anderson Cancer Center).
METHODS

Subjects
Subjects included 97 reproductively mature female chimpanzees housed at the Keeling Center for Comparative Medicine and Research (KCCMR) in Texas and 98 reproductively mature female chimpanzees housed at the Alamogordo Primate Facility (APF) in New Mexico, a government-owned, contractoperated facility. No research is conducted at APF. Both facilities are accredited by the Association for Assessment and Accreditation of Laboratory Animal Care International (AAALAC) and this study was approved by the Institutional Animal Care and Use Committees. At the time of study, females in the population ranged in age from 15.0 to 52.5 years of age (mean 5 28.47SD 8.7 yrs). All females were maintained in social groups and housed in indooroutdoor enclosures in accordance with the Guide for the Care and Use of Animals [ILAR, 2010] and all procedures were approved by the facilities' institutional animal care and use committees. This research also adhered to the American Society of Primatologists principles for the ethical treatment of primates. Owing to the enactment of the National Center for Research Resources (NCRR) breeding moratorium, no purposeful breeding has taken place at either facility since 1998. Of the 195 females, 140 have received nonhormonal contraception (e.g. been primarily housed with a vasectomized male or in allfemale groups) for the past 14 years. Fifty-five females have been primarily housed with nonvasectomized males and have received both hormonal contraception (Norplantr (levonorgestrel) implants, Wyeth Pharmaceuticals, Madison, NJ) and nonhormonal contraception (ParaGardr T380A copper interuterine device, Duramed Pharmaceuticals, Cincinnati, OH) for the past 14 years. The average length of prior hormonal contraception for the contracepted population was 4.67SD 1.3 years. The average age of the contracepted population was 30.37SD 10.6 years and the average age of the noncontracepted population was 27.77SD 7.8 years.
It should be noted that the use of Norplant at KCCMR was discontinued in 2001 following the FDA recall of Norplant lots sold in 2000. Following the recall, nonhormonal contraception (ParaGardr T380A copper interuterine device, Duramed Pharmaceuticals) was used at KCCMR.
Diagnostic Procedures
All females with leiomyomata were considered ''affected'' females. In all cases, original diagnosis of uterine leiomyoma was through physical examination (i.e. palpation) and ultrasound (i.e. abdominal and transvaginal or transrectal) examination confirmation during annual health examinations, while under sedation. This diagnostic method is consistent with leiomyoma diagnostic criteria used in human studies [Faerstein et al., 2001a,b; Hurley, 1998; Ross et al., 1986; Wise et al., 2004] . Uterine leiomyomata appear under ultrasound examination as spherical in shape with well-defined borders and a solid hyperchoic texture (Fig. 1) [Hurley, 1998 ]. Adenomyomata can be distinguished from leiomyomata during ultrasound examiniation, as adenomyomata have poorly defined margins and an irregular mottled texture [Hurley, 1998 ]. Endometrial polyps also have poorly defined margins, compared with leiomyomata, and typically display as thickened heterogeneous areas of endometrium [Bree et al., 2000] . In addition, histopathology was performed by a board-certified veterinary pathologist on the masses of 20% of affected females. Histopathology in all cases indicated a leiomyoma, confirming that the ultrasound diagnostic criteria used to indicate the presence of leiomyomata was accurate. For examination, chimpanzees were sedated with an intra-muscular injection of either ketamine HCl (Ketaset, Fort Dodge Animal Health, Ft Dodge, IA) at a dosage of approximately 5.0 to 7.5 mg/kg body weight or tiletamine HCI/ Zolazepam (Telazol, Fort Dodge Animal Health) at a dosage of 3.0 to 4.0 mg/kg body weight.
Statistical Analysis
Age at diagnosis, size of leiomyoma, and any clinical symptoms observed (i.e. abnormal mensing, uterine prolapse, anemia) were recorded. In addition, reproductive history (parity 5 number of full-term pregnancies) and status of prior hormonal contraception use was determined for each subject. Average age at diagnosis for the affected females was compared with the average age of the female population using a two-tailed, two-sample t-test. The age distribution of affected females was compared with the expected age distribution (based on the female population) using a Kolmogorov-Smirnov one-sample test. This test was chosen due to its high level of power with small sample sizes. To determine any effects of reproductive history or parity, age of females was analyzed using a Generalized Linear Model. Presence of leiomyoma, parity (nulliparous vs. parous), and contraception (hormonal vs. nonhormonal) and their interactions were included as variables in the model. In addition, the age distribution of nulliparous affected females was compared with the expected age distribution of the nulliparous females (based on the female population) using a Kolmogorov-Smirnov one-sample test. To determine any potential effects of hormonal contraception on the incidence of leiomyomata, the prevalence rates of leiomyomata among various groups of females (i.e. hormonal contraception and parity) were compared using a z-ratio test. Significance for all tests was set at 0.05 and all tests were performed using SPSS software.
RESULTS
Uterine leiomyomata were confirmed in 55 females (28.2%) ranging in age from 19.3 to 47.3 years (mean 5 30.47SD 8.0 yrs) at time of diagnosis. The histological picture of these benign leiomyomas was interlacing bundles of smooth muscle and occasionally involved areas of necrosis with vascular embolization and inflammatory cell infiltration. The average age at diagnosis was not significantly different than the average age of the population (28.47SD 8.7 yrs) (Table I, t 5 1.52, df 5 262, P 5 0.13). The age distribution of affected females was significantly different than the expected age distribution, based on the population (Fig. 2, D max 5 0. 38, Po0.01), with females over 30 years of age appearing to be at an increased likelihood and females less than 19 years of age appearing to be at a decreased likelihood for the development of leiomyomata.
The average age of nulliparous affected females (26.27SD 5.9 yrs) was significantly lower than that of affected parous females (36.37SD 6.6 yrs) (F 5 61.9, df 5 2, Po0.001), but not significantly different from nulliparous females in the general population (24.67SD 6.1) ( Table I ). The prevalence rate among females with a history of hormonal contraception before diagnosis (16.4%, 9/55) was significantly lower, than that of females with no history of hormonal contraception (32.8%, 46/140) (z 5 À2.3, P 5 0.02). The average age at diagnosis for affected females with a history of hormonal contraception (38.07SD 7.4) was significantly higher than that of affected females with no history of hormonal contraception (28.97SD 7.2) (Table I, F 5 5.2, df 5 2, P 5 0.006). The average age at diagnosis for affected females with a history of hormonal contraception (38.07SD 7.4) was also significantly higher than that of females in the general population (Table I) . There was also a significant interaction between parity and hormonal contraception (F 5 3.9, df 5 2, P 5 0.02). The prevalence rate among nulliparous females with a history of hormonal contraception (8.3%, 2/24) was significantly lower than that of nulliparous females without a history of hormonal contraception (28.0%, 30/107) (Fig. 3 , z 5 1.8, P 5 0.04). Similarly, the prevalence rate among parous females with a history of hormonal contraception (22.6%, 7/31) was significantly lower than that of parous females without a history of hormonal contraception (48.5%, 16/33) (Fig. 3 , z 5 1.9, P 5 0.03).
The leiomyomata ranged in size from approximately 1 cm in diameter to as large as 25 cm in diameter, with an average size of 5.6 cm in diameter (Fig. 4) . The vast majority of females (48/55 or 87.2%) were asymptomatic. Typical symptoms included primarily abnormal and/or heavy mensing (6/9), but also included abdominal distension (3/9), edema (1/9), pathology of other pelvic structures (2/9), and uterine prolapse (1/9). Treatments for the symptomatic females included either progesterone-based contraception (i.e. melengesterol acetate (MGA) implants Am. J. Primatol.
(ZooPharm Wildlife Pharmaceuticals, Ft Collins, CO), medroxyprogesterone acetate (Depo Proverar) or myomectomy in combination with ovariohysterectomy or hysterectomy. In one advanced case gonadotropin-releasing hormone agonists (Lupron Depotr) were used before myomectomy/ovariohysterectomy.
DISCUSSION
Uterine leiomyomata have been documented in several primate species and include Old World monkeys, New World monkeys, apes, and Prosimians [Cianciolo et al., 2007; Cook et al., 2004; Kaspareit et al., 2007; Long et al., 2010; Remick et al., 2009; Rodríguez et al., 2009; Seibold & Wolf, 1973; Stringer et al., 2010; Wilkinson et al., 2008] . Leiomyomata have also been sporadically reported as occurring in chimpanzees [Brown et al., 2009; Seibold & Wolf, 1973; Silva et al., 2006; Toft & MacKenzie, 1975; Young et al., 1996] . In a postmortem study of 52 chimpanzees, uterine leiomyomata were reported in 5.8% of the subjects [Seibold & Wolf, 1973] . A recent examination of neoplasia in chimpanzees found 42% of neoplasia in females consist of leiomyomata [Brown et al., 2009] . However, neither of these studies was able to determine prevalence rates for leiomyomata among chimpanzee females. Leiomyomata are reported as ''common'' among nonhuman primates; however, postmortem examinations reveal incidence rates of less than 1% on average [Cianciolo et al., 2007; Kaspareit et al., 2007; Rodríguez et al., 2009] . The prevalence rate among female chimpanzees in this study was 28.2%, considerably higher than the 5.8% reported previously [Seibold & Wolf, 1973] . The Seibold and Wolf [1973] study was, however, a random selection of necropsy results from 52 chimpanzees. The study did Fig. 2 . Distribution of age at leiomyoma diagnosis for female chimpanzees (actual cases) compared with the expected age distribution, based upon the female chimpanzee population (predicted cases) using a Kolmogorov-Smirnov one-sample test. Am. J. Primatol. not report age or sex ratios of the subjects examined, therefore it is likely the 5.8% rate is a considerable underestimation for this species. The prevalence rate presented in this study is similar to that reported in the human literature, with estimates of 20-40% of all women presenting with leiomyomata [Ryan et al., 2005] . This rate increases to above 70% when women over the age of 35 are examined [Ryan et al., 2005] . Similarly, the prevalence rate among chimpanzees in this study increased to nearly 40% when only animals 30 years of age and older in the two populations are considered. We hypothesize that leiomyoma development may follow similar patterns in both humans and chimpanzees.
In humans, nulliparity and increased time since last birth increase the risk of leiomyoma development [Faerstein et al., 2001a; Luoto et al., 2000; Ross et al., 1986; Wise et al., 2004] . The average at a leiomyoma diagnosis for nulliparous female chimpanzees was not different from that of nulliparous female chimpanzees within the general population. However, the effects of nulliparity may have been confounded by the long period of time since last birth for the parous females within the population. Owing to the NCRR breeding moratorium, the parous females have gone 10-15 years since their last birth. Among women, a period of 10 or more years since last birth is associated with three times the risk of leiomyoma development compared with women who have given birth in the last 1-5 years [Wise et al., 2004] . It is possible that with increasing time since last birth, due to the NCRR breeding moratorium, prevalence rates for uterine leiomyomata in chimpanzees may increase. In humans, there is also an increased risk of leiomyoma associated with obesity [Faerstein et al., 2001a; Ross et al., 1986] . Obesity is an acknowledged problem across captive chimpanzee populations [Lee & Guhad, 2001; Videan et al., 2007] and may play a role in the development of leiomyomata in chimpanzees. However, due to differences in determining obesity across the two facilities this study was unable to properly explore this issue. Additional research is needed on the potential role of body fat and obesity on leiomyoma development in female chimpanzees.
One potential protective practice, which could be employed, is the use of hormonal contraception. Among women, the use of progesterone-based contraception (i.e. medroxyprogesterone acetate [Depo Proverar], levonorgestrel implant [Norplantr] ) has been associated with a 40% reduction in risk of leiomyoma development, with decreases in risk associated with increased duration of use [Wise et al., 2004] . A similar pattern of reduction of risk has also been observed for oral contraceptives containing high doses of progesterone [Chiaffarino et al., 1999; Faerstein et al., 2001a; Ross et al., 1986] . In this study, results suggest that the use of progesterone-based contraceptives can reduce and delay development of leiomyomata in female chimpanzees. The use of progesterone-based contraception was associated with both a 50% overall reduction in prevalence rates and delayed development of leiomyoma (Table I) . Nulliparous females may receive more benefit from hormonal contraception than parous females, as the data showed a 70% reduction in prevalence rate for nulliparous females (Fig. 3) . Among women, nonhormonal intrauterine devices are not associated with either leiomyoma development or prevention [Faerstein et al., 2001b; Luoto et al., 2000; Ross et al., 1986] ; however, the newer levonorgestrel-releasing intrauterine devices (i.e. Mirenar, Bayer Healthcare Pharmaceuticals, NJ) may offer protective effects. Both MGA implants (ZooPharm Wildlife Pharmaceuticals) and etonogestrel subdermal implants (Implanonr, Schering Plough Pharmaceuticals, NJ) are long-lasting (up to three years) contraceptive options for female chimpanzees that would likely offer protection from leiomyomata development. Additional research is needed regarding the effects of parity and various types of hormonal contraception on leiomyoma development in female chimpanzees.
Most leiomyomata in women are asymptomatic [Ryan et al., 2005; Wise et al., 2004] and this also appears to be the case for chimpanzees. Progesterone-based contraception (i.e. Depo Proverar) as treatment for leiomyomata in women is most effective for reducing symptoms (i.e. menorrhagia), but may not be effective for reducing leiomyoma size [Jourdain et al., 1996] . Gonadotropin-releasing agonists are highly effective and can reduce the size of leiomyomata by as much as 70%; however, extended use has been linked to loss of bone density [Jourdain et al., 1996] . These medications should only be used for large, symptomatic leiomyomata to reduce tumor size before myomectomy and/or hysterectomy. Mifepristone, a synthetic steroid with antiprogesteronic effects, has been shown to significantly reduce the size of leiomyomata in women and may be a better long term therapy compared with gonadotropin-releasing agonists [Jourdain et al., 1996] . Myomectomy has been highly effective in women; however, hysterectomy remains the treatment of choice for large or complicated leiomyomata [Jourdain et al., 1996] .
As the captive chimpanzee population ages, with little-to-no breeding opportunities it is likely that the incidence of leiomyomata will increase. The results of this study suggest that progesterone-based contraception can have a protective effect and may reduce and delay the development of leiomyomata in chimpanzees. The majority of leiomyomata in chimpanzees may be asymptomatic; however, over time without treatment leiomyomata may increase in size and additional clinical symptoms (i.e. menorrhagia, urinary incontinence/blockage, constipation/ bowel obstruction) may develop. It is recommended that aggressive screening programs, including transabdominal ultrasound examination, be instituted for all facilities and zoos housing chimpanzees and careful treatment plans developed for affected individuals.
